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Q_\ k\id 1/75/=;3- 0;><=;+=376 `j ljlXccp lj\[ kf [\-
jZi`Y\ k_\ `eXY`c`kp f] X dX^e\k`Z jpjk\d kf jXk`j]p Xcc
k_\ Zfdg\k`e^ `ek\iXZk`fej Xe[ kf ]fid X le`hl\ ^ifle[
jkXk\ Xj X i\jlck f] jkilZkliXc ZfejkiX`ekj.&$ '" CiljkiX-
k`fe ]i\hl\ekcp c\X[j kf i\[lZ\[ Zi`k`ZXc k\dg\iXkli\j Xe[
_`^_cp [\^\e\iXk\ ^ifle[ jkXk\j [l\ kf i\j`[lXc \ekifgp
Xk cfn k\dg\iXkli\j. Fe k_\ gi\j\eZ\ f] Xek`]\iifdX^-
e\k`Z \oZ_Xe^\ `ek\iXZk`fej, dX^e\kj YXj\[ fe ki`Xe^c\j
^`m\ i`j\ kf ^\fd\ki`Z ]iljkiXk`fe.(" Q_\ HX^fd\,)$ *" gp-
ifZ_cfi\+$ ," Xe[ ^Xie\k-$ ." cXkk`Z\j Xi\ Xcc n\cc-befne Xe[
dlZ_ jkl[`\[ jkilZkli\j n_\i\ ]iljkiXk`fe gcXpj X ]le[X-
d\ekXc ifc\ `e \jkXYc`j_`e^ k_\ cfn k\dg\iXkli\ gifg\i-
k`\j.
T`k_ k_\ j\XiZ_ ]fi e\n ]iljkiXk\[ dX^e\kj `ek\e-
j`]p`e^, k_\ eldY\i f] jpjk\dj befne kf [`jgcXp k_\
\!\Zkj f] ^\fd\ki`Z ]iljkiXk`fe `j ZfejkXekcp ^ifn`e^.
> gXik`ZlcXicp `ek\i\jk`e^ jkilZkli\ `e k_`j i\jg\Zk `j
k_\ jf-ZXcc\[ _fe\pZfdY cXkk`Z\, n_\i\ `e Xe `[\Xc knf-
[`d\ej`feXc ZXj\ \XZ_ dX^e\k`Z Xkfd `j c`eb\[ kf k_i\\
\hlXccp-jgXZ\[ e\`^_Yflij 120" XgXik. Q_\ _fe\pZfdY
cXkk`Z\ `j Y`gXik`k\ Xj `k `j dX[\ lg f] X gcXe\ e\k-
nfib f] \[^\ j_Xi`e^ _\oX^fej. Fk nflc[ fecp Y\ ]ilj-
kiXk\[ `] ]lik_\i e\`^_Yfli `ek\iXZk`fej Xi\ Zfej`[\i\[,
Ylk `k _Xj i\Z\`m\[ jlYjkXek`Xc k_\fi\k`ZXc `ek\i\jk j`eZ\
`k _Xj k_\ jdXcc\jk gfjj`Yc\ Zffi[`eXk`fe eldY\i `e knf-
[`d\ej`fej.&%$ &&" Q_`j `dgc`\j k_Xk hlXekld #lZklXk`fej
Xi\ \og\Zk\[ kf _Xm\ X dlZ_ cXi^\i \!\Zk fe k_\ jkX-
Y`c`kp f] K%\\c fi[\i k_Xe, ]fi \oXdgc\, ]fi X jhlXi\ fi
ki`Xe^lcXi cXkk`Z\. O\Z\ekcp, X eldY\i f] jlZ_ jkilZ-
kli\j _Xm\ Y\\e `[\ek`"\[ \og\i`d\ekXccp, `eZcl[`e^ k_\
jg`e- &' Zfdgfle[ Fe@l'!(S&!(L(,
&'$ &(" k_\ jg`e- (' jpj-
k\dj ?`(Je)L&'*KL(+
&)$ &*" Xe[ !-@X@i'L),
&+$ &," Xj




'%" *)2 = iXi\-\Xik_ `fe+.
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fZW dSdW(WSdfZ #% [a`e eZai` [` V[!WdW`f Ua^agde) MZW` h[WiWV
S^a`Y fZW $ Sj[e' Za`WkUa_Te aX fZW #%%" [a`e SdW h[e[T^W) P[YlSY
^SVVWde dg``[`Y S^a`Y fZW $ Sj[e Ua``WUf fZW Za`WkUa_T ^SkWde S`V
Y[hW d[eW fa YWa_Wfd[U XdgefdSf[a`)
Fe k_`j gXg\i n\ i\gfik fe Xe `em\jk`^Xk`fe f] k_\ k\d-
g\iXkli\ [\g\e[\eZ\ f] k_\ dX^e\k`Z jljZ\gk`Y`c`kp Xj
n\cc Xj k_\ "\c[ [\g\e[\eZ\ f] k_\ dX^e\k`jXk`fe `e k_i\\
Zfdgfle[j ]ifd k_\ Pi)2'L) ]Xd`cp, n`k_ )2 = Bi, Ap
Xe[ Ef.
Q_\ Pi)2'L) Zfdgfle[j ZipjkXcc`j\ `e k_\ ]fid f] ZXc-
Z`ld ]\ii`k\,'&" n`k_ k_\ jgXZ\ ^iflg +2-1. Q_\ dX^-
e\k`Z )2 `fej Xi\ c`eb\[ `e X e\knfib f] ki`Xe^c\j Xe[
_\oX^fej, Xj j_fne `e C`^. 1, n`k_ knf ZipjkXccf^iXg_`-
ZXccp `e\hl`mXc\ek j`k\j ]fi k_\ iXi\-\Xik_ `fej j_fne `e
i\[ Xe[ Ycl\. P`eZ\ k_\ [`jkXeZ\j Y\kn\\e k_\ dX^e\k`Z
`fej n_`Z_ ]fid k_\ _\oX^fej Xi\ efk \hlXc, mXip`e^, ]fi
\oXdgc\ `e PiBi'L) ]ifd 3.478 &> kf 4.019 &>,
''" k_\ _fe-
\pZfdY jkilZkli\ `j efk g\i]\Zk Xe[ j_flc[ Y\ [\jZi`Y\[
Xj Wdf[`"\[' fi W[`jkfik\[.' Fk j_flc[ Xcjf Y\ efk\[ k_Xk
k_\ q`^qX^ ki`Xe^lcXi cX[[\ij ]fid\[ Yp k_\ )2 `fej Xi\
+
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`e ]XZk dX^e\k`ZXccp \hl`mXc\ek kf fe\-[`d\eZ`feXc Z_X`ej
n`k_ "ijk- Xe[ j\Zfe[-e\Xi\jk-e\`^_Yfli `ek\iXZk`fej.
Q_\ gi\j\eZ\ f] ^\fd\ki`Z ]iljkiXk`fe ZXe f]k\e Y\
j\\e `e Ylcb gifg\ikp d\Xjli\d\ekj Xj k_\ Xgg\XiXeZ\
f] g_Xj\ kiXej`k`fej Xk k\dg\iXkli\j dlZ_ cfn\i k_Xe
\og\Zk\[ ]ifd k_\ jki\e^k_ f] k_\ \oZ_Xe^\ `ek\iXZk`fej.
Mi\m`flj dX^e\k`Z jljZ\gk`Y`c`kp d\Xjli\d\ekj fe gfn-
[\i jXdgc\j f] Pi)2'L) _Xm\ i\m\Xc\[ X [`jgXi`kp Y\-
kn\\e k_\ d\Xjli\[ @li`\-T\`jj ZfejkXek ""% Xe[ k_\
cXZb f] cfe^-iXe^\ fi[\i *IOL+ [fne kf 1.8 H.''" Q_\
\ok\e[\[ k\dg\iXkli\ iXe^\ f] fli d\Xjli\d\ekj, [fne
kf 0.5 H, Xccfn\[ ]fi k_\ fYj\imXk`fe f] X dX^e\k`Z fi-
[\i`e^ kiXej`k`fe `e PiEf'L) Xk 0.62 H. Q_\ d\Xjli\-
d\ekj _Xm\ Xcjf Zfe"id\[ k_Xk PiBi'L) fi[\ij dX^e\k-
`ZXccp Xk 0.73 H *,$ f] 0.75 H nXj gi\m`fljcp i\gfik\[
]ifd gfn[\i e\lkife [`!iXZk`fe Xe[ _\Xk ZXgXZ`kp d\X-
jli\d\ekj'("+. Fe PiAp'L), _fn\m\i, ef kiXej`k`fe `j fY-
j\im\[ [fne kf 0.5 H.
JX^e\k`jXk`fe Zlim\j **(+ _Xm\ i\m\Xc\[ "\c[-
`e[lZ\[ g_Xj\ kiXej`k`fej Xk cfn k\dg\iXkli\j ]fi Xcc
k_i\\ Zfdgfle[j. Cfi Xcc k_i\\ ZipjkXcj k_\ dX^e\k`jX-
k`fe gcXk\Xlo Xk Xggifo`dXk\cp fe\ k_`i[ f] k_\ jXkliX-
k`fe mXcl\j ZXe Y\ j\\e ]fi Z\ikX`e [`i\Zk`fej f] Xggc`\[
"\c[, n_`Z_ `j ljlXccp `e[`ZXk`m\ f] k_\ jkXY`c`jXk`fe f] X
Zfcc`e\Xi =?7!<836<!>8 76/!<836!.7?6 *330+ jkilZkli\.
#! )>7/814/5;,3 (/;,139
P`e^c\ ZipjkXc jXdgc\j, lj\[ ]fi Xcc f] k_\ d\Xjli\-
d\ekj, n\i\ ^ifne Yp k_\ #fXk`e^ qfe\ d\k_f[, n`k_
[\kX`cj f] k_\ gifZ\[li\ lj\[ i\gfik\[ \cj\n_\i\.'." Q_\
jXdgc\j n\i\ Xc`^e\[ Xcfe^ k_\ gi`eZ`gXc ZipjkXc Xo\j kf
n`k_`e Xe \jk`dXk\[ XZZliXZp f] 2" lj`e^ k_\ YXZbjZXkk\i-
`e^ o-iXp [`!iXZk`fe IXl\ k\Z_e`hl\. Q_\ jXdgc\j n\i\
Zlk `ekf k_`e i\ZkXe^lcXi gcXk\j k_Xk n\`^_\[ Xifle[
10 d^. Fe fi[\i kf d`e`d`q\ k_\ \!\Zkj f] [\dX^e\k`-
jXk`fe, k_\ "\c[ nXj Xggc`\[ gXiXcc\c kf k_\ cfe^\jk j`[\
f] k_\ gcXk\j. @fii\Zk`fej kf k_\ [XkX kf kXb\ `ekf XZZflek
k_`j \!\Zk n\i\ dX[\ ]fccfn`e^ >_Xife`,(%" Xe[ k_\ [\-
dX^e\k`j`e^ "\c[ nXj ]fle[ XcnXpj kf Y\ c\jj k_Xe 5(
*kpg`ZXccp 2(+ f] k_\ Xggc`\[ "\c[.
Q_\ k\dg\iXkli\ [\g\e[\eZ\ f] k_\ dX^e\k`Z jljZ\g-
k`Y`c`kp $*, + lg kf 400 H Xe[ k_\ "\c[ [\g\e[\eZ\ f]
dX^e\k`jXk`fe **(+ lg kf 70 bL\ n\i\ d\Xjli\[ lj`e^
X NlXekld A\j`^e PNRFA dX^e\kfd\k\i *JMJP5P+,
n`k_ k\dg\iXkli\j [fne kf 0.5 H XZ_`\m\[ lj`e^ Xe
`NlXekld *FN2000->DEP-2OPL (E\ jpjk\d+ i\]i`^\iX-
kfi `ej\ik.(&"
$! )>7/814/5;,3 +/9<3;9 ,5. (19-<99165
%"# */58/;+=>;/ ./8/6./6-/ 70 =2/ 5+16/=3- <><-/8=3!
,343=@
%"#"# (312!=/58/;+=>;/ 4353=
Q_\ dX^e\k`Z jljZ\gk`Y`c`kp m\ijlj k\dg\iXkli\ nXj
d\Xjli\[ ]fi "\c[j Xggc`\[ Xcfe^ \XZ_ f] k_\ k_i\\ gi`e-
Z`gXc Xo\j ]fi j`e^c\ ZipjkXc jXdgc\j f] PiBi'L), PiEf'L)
Xe[ PiAp'L). Q_\ _`^_-k\dg\iXkli\ [\g\e[\eZ\ f] k_\
`em\ij\ jljZ\gk`Y`c`kp `j gi\j\ek\[ `e C`^. 2 ]fi Xcc f] k_\
k_i\\ Zfdgfle[j. Fe k_\ _`^_-k\dg\iXkli\ iXe^\, n_\i\
k_\ 1/$*, + Zlim\j ]fccfn X gXiXdX^e\k`Z @li`\-T\`jj
Y\_Xm`fli, k_\ [XkX Xi\ "kk\[ n`k_ c\Xjk-jhlXi\j i\^i\j-
j`fe c`e\j, `e k_\ k\dg\iXkli\ iXe^\ 150 H - 400 H ]fi
PiBi'L)< 200 H - 400 H ]fi PiAp'L)< Xe[ 100 H - 400 H
]fi PiEf'L). Q_\ gXiXd\k\ij f] k_\j\ "kj, k_\ @li`\-
T\`jj ZfejkXekj, Xe[ k_\ \!\Zk`m\ dfd\ekj g\i dX^e\k`Z
,
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`fe *""% Xe[ #0!+ Xi\ Xcjf j_fne, `e k_\ kXYc\ `e C`^. 2[.
Cifd k_\ ^iXg_j `k `j `dd\[`Xk\cp fYm`flj k_Xk k_\i\ `j X
cXi^\ Xe`jfkifgp `e k_\ @li`\-T\`jj k\dg\iXkli\j *jfd\
f] n_`Z_ \m\e Z_Xe^\ j`^e+ ]fi k_\ k_i\\ gi`eZ`gXc Zipj-
kXc [`i\Zk`fej f] k_\j\ Zfdgfle[j. Q_\ Xm\iX^\ mXcl\j,
_fn\m\i, Xi\ `e ^\e\iXc X^i\\d\ek n`k_ k_fj\ gi\j\ek\[
Yp HXileX[XjX /= +4. ]fi gfcpZipjkXcc`e\ Pi)2'L) jXd-
gc\j.''"
Q_\ fYj\im\[ _`^_-k\dg\iXkli\ jljZ\gk`Ycp Zlim\j `d-
gcp k_Xk k_\ dX^e\k`Z Xe`jfkifgp `e PiBi'L) `j f] \Xjp-
Xo`j kpg\ n`k_ k_\ - Xo`j Y\`e^ k_\ \Xjp [`i\Zk`fe ]fi
dX^e\k`jXk`fe. Q_\ j`klXk`fe Z_Xe^\j [iXdXk`ZXccp, _fn-
\m\i, Xk cfn\i k\dg\iXkli\j, n_\i\ $##( Y\Zfd\j j`d`cXi
`e mXcl\ kf $##&, n_`c\ $##' jk`cc i\dX`ej k_\ cfn\jk. Fe
PiEf'L) k_\ Xe`jfkifgp `j f] \Xjp-gcXe\ kpg\ ]fi k_\ \e-
k`i\ k\dg\iXkli\ iXe^\ jkl[`\[ n`k_ k_\ - Xo`j Y\`e^ k_\
_Xi[ [`i\Zk`fe ]fi dX^e\k`jXk`fe. Fe PiAp'L), Xk cfn-
k\dg\iXkli\ k_\ Xe`jfkifgp `j Zc\Xicp f] \Xjp-Xo`j kpg\
n`k_ k_\ . Xo`j Y\`e^ k_\ \Xjp [`i\Zk`fe ]fi dX^e\k`jX-
k`fe, n_`c\ [li`e^ nXid`e^ k_\ $##& Xe[ $##( Y\Zfd\
dfi\ Xe[ dfi\ [`!\i\ek Xe[ Xk k\dg\iXkli\j XYfm\ Xg-
gifo`dXk\cp 100 H k_\ Xe`jfkifgp ZXeefk Y\ ZcXjj`"\[
Xj \`k_\i \Xjp-Xo`j fi \Xjp-gcXe\ kpg\. Q_\ XefdXcflj
Y\_Xm`fli f] k_\ jljZ\gk`Y`c`kp `e PiAp'L) ]fi ( # / `j
\m`[\ek ]ifd k_\ \jk`dXk\[ mXcl\ f] k_\ \!\Zk`m\ dfd\ek
f] k_\ Ap(# `fe, #0! = 11%83*2+ #/, n_`Z_ \oZ\\[j j`^-
e`"ZXekcp k_\ \og\Zk\[ mXcl\ f] 10.6 #/.
('"
Le Zcfj\ `ejg\Zk`fe `k `j \m`[\ek k_Xk 1/$*, + Zlim\j `e
PiAp'L) Y\_Xm\ fecp Xggifo`dXk\cp c`e\Xicp n`k_ k\d-
g\iXkli\ ]fi Xcc k_i\\ [`i\Zk`fej f] k_\ Xggc`\[ "\c[ Xe[
k_Xk Yfk_ ""% Xe[ #0! Xi\ `e#l\eZ\[ j`^e`"ZXekcp Yp k_\
iXe^\ f] k\dg\iXkli\ j\c\Zk\[ ]fi "kk`e^. Fe fi[\i kf Xmf`[
gfjj`Yc\ XdY`^l`kp, n\ _Xm\ gi\gXi\[ X gfn[\i jXdgc\
]ifd j`e^c\ ZipjkXcj f] PiAp'L) Xe[ i\d\Xjli\[ k_\ k\d-
g\iXkli\ [\g\e[\eZ\ f] k_\ jljZ\gk`Y`c`kp. Q_\ mXcl\ f]
k_\ \!\Zk`m\ dfd\ek f] k_\ Ap(# `fe #0! = 10%5 #/
fYkX`e\[ ]ifd X c`e\Xi "k kf k_\ 1'$,+.)*-*, + `j `e i\X-
jfeXYc\ X^i\\d\ek n`k_ k_\ #0! = 10%35 #/ d\Xjli\[ Yp
HXileX[XjX /= +4.''"
Q_\ cXi^\ [`!\i\eZ\j `e k_\ @li`\-T\`jj k\dg\iXkli\j
fYj\im\[ ]fi k_\ k_i\\ gi`eZ`gXc ZipjkXc [`i\Zk`fej f] k_\j\
Zfdgfle[j Xj n\cc Xj k_\ Zifjj fm\i ]ifd Xe \Xjp-Xo`j kf
Xe \Xjp-gcXe\ kpg\ f] Xe`jfkifgp fe Zffc`e^ ljlXccp gf`ek
kf k_\ gi\j\eZ\ f] cfn-cp`e^ ZipjkXc "\c[ *@C+ c\m\cj. >c-
k_fl^_ k_\i\ Xi\ gi\c`d`eXip i\gfikj fe k_\ gfj`k`fe f]
k_\ @C c\m\cj `e k_\ Pi)2'L) Zfdgfle[j
(($ ()" YXj\[ fe
`e\cXjk`Z e\lkife jZXkk\i`e^ d\Xjli\d\ekj, k_\i\ Xi\ ef
i\gfikj \jkXYc`j_`e^ k_\ gXiXd\k\ij f] k_\ @C EXd`ckf-
e`Xej. Q_\ kXjb f] [\k\id`e`e^ k_\j\ gXiXd\k\ij `j Zfd-
gc`ZXk\[ Yp k_\ gi\j\eZ\ f] k_\ knf ZipjkXccf^iXg_`ZXccp
`e\hl`mXc\ek j`k\j ]fi k_\ iXi\-\Xik_ `fej `e k_\ le`k Z\cc,
Yfk_ f] k_\d `e X ]X`icp cfn-jpdd\kip \em`ifed\ek.
%"#"$ )7? =/58/;+=>;/ 4353=
Q_\ i\jlckj f] cfn-k\dg\iXkli\ jljZ\gk`Y`c`kp d\Xjli\-
d\ekj Xi\ jlddXi`j\[ `e C`^. 3 ]fi "\c[j f] 100 L\ Xe[
1 bL\ Xggc`\[ Xcfe^ k_\ -, ., Xe[ / [`i\Zk`fej f] k_\
Pi)2'L) j`e^c\ ZipjkXcj.
Cfi PiBi'L), k_\ dX^e\k`Z fi[\i`e^ kiXej`k`fe Xk ,$ =
0%75 H n_`Z_ _Xj Y\\e i\gfik\[ gi\m`fljcp ]ifd _\Xk ZX-
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ba[`f fa fZW S`a_S^[We SeeaU[SfWV i[fZ _SY`Wf[U adVWd[`Y fdS`e[(
f[a`e aX *)1- A [` Id;d$E& S`V *)0, A [` Id>a$E&)
`j j\\e dfjk Zc\Xicp ]fi ( = 100 L\ Xggc`\[ Xcfe^ k_\ /
Xo`j Xj X j_Xig [ifg `e k_\ mXcl\ f] $*, + Y\cfn 0.73 H
*j\\ kfg gXe\c `e C`^. 3+. Fk `j gfjj`Yc\ k_Xk X jdXcc mXi`X-
k`fe `e fi[\i`e^ k\dg\iXkli\ `j [l\ kf X jdXcc [`!\i\eZ\
`e k_\ jkf`Z_`fd\kip f] k_\ jXdgc\j; n\ efk`Z\[ k_Xk Xk
c\Xjk jfd\ jXdgc\j k\e[ kf cfj\ n\`^_k `] c\]k lej\Xc\[
]fi X cfe^ k`d\. Cfi k_\ "\c[ Xggc`\[ Xcfe^ k_\ - Xo`j,
k_\ jljZ\gk`Y`c`kp \o_`Y`kj X YifX[ dXo`dld Xk k\dg\i-
Xkli\j jc`^_kcp XYfm\ ,$ n`k_ ef j_Xig ]\Xkli\j, n_`c\
k_\ $*, + Zlim\j Xi\ iXk_\i jdffk_ Xe[ ]\Xkli\c\jj ]fi X
"\c[ f] 100 L\ Xggc`\[ Xcfe^ k_\ . Xo`j *efk j_fne+.
Cfi Xe Xggc`\[ "\c[ f] 1 bL\ k_\ fi[\i`e^ kiXej`k`fe
`e PiBi'L) Y\Zfd\j Xcdfjk `em`j`Yc\, Xj X j_Xig Zljg `e
$*, +##( `e 100 L\ `j i\gcXZ\[ n`k_ X dlZ_ jdffk_\i
Zlim\, n_`c\ k_\ dXo`dld `e $*, +##& i\dX`ej, Ylk Y\-
Zfd\j jc`^_kcp c\jj gifefleZ\[. Fk `j leZc\Xi n_\k_\i k_\
i\cXk`m\cp df[\jk Xggc`\[ "\c[ jlggi\jj\j k_\ dX^e\k`Z
fi[\i`e^ `e PiBi'L) fi g\i_Xgj j_`]kj `k kf dlZ_ cfn\i
k\dg\iXkli\j. >ck\ieXk`m\cp, k_\ kiXej`k`fe jk`cc \o`jkj `e
Xe Xggc`\[ "\c[, Ylk nXj efk fYj\im\[ Xj k_\ jljZ\gk`Y`c-
`kp j`dgcp Y\ZXd\ c\jj j\ej`k`m\ kf `k.
> gfn[\i e\lkife [`!iXZk`fe jkl[p f] PiBi'L) gf`ekj
kf Xe leljlXc dX^e\k`Z Y\_Xm`fli, n_\i\ fecp _Xc] f] k_\
Bi j`k\j *j_fne `e \`k_\i i\[ fi Ycl\ `e C`^. 1+ gXik`Z`-
gXk\ `e k_\ kiXej`k`fe kf K%\\c fi[\i'(" Yp ]fid`e^ Xe Xe-
k`]\iifdX^e\k`Z jkilZkli\ gXiXcc\c kf k_\ / Xo`j, n_`c\ k_\
fk_\i _Xc] f] k_\ dX^e\k`Z j`k\j i\dX`e [`jfi[\i\[. Cli-
-
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/65" '" %8a^agd a`^[`W& %Jab bS`W^& <[W^V(VWbW`VW`f _SY`Wf[eS(
f[a` UgdhWe Xad Id;d$E& aTfS[`WV Sf *)/ A [` fZW dS`YW aX "W^Ve * fa
.* ]EW) %7affa_ bS`W^& JZW "W^V VWd[hSf[hWe aX fZW _SY`Wf[eSf[a`)
k_\idfi\, i\Z\ek j`e^c\ ZipjkXc e\lkife [`!iXZk`fe d\X-
jli\d\ekj')" j_fn \m`[\eZ\ k_Xk k_`j i\dX`e`e^ _Xc] jlg-
gfikj X j\gXiXk\ j_fik\i-iXe^\ fi[\i *POL+ n_\i\ k_\
jg`ej Xi\ Xc`^e\[ gi\[fd`eXekcp Xcfe^ k_\ - Xo`j. Q_`j
POL jkilZkli\ Zf\o`jkj n`k_ k_\ IOL jkilZkli\ Xk k\d-
g\iXkli\j Y\cfn ,$ . Le\ Zflc[ `dX^`e\ k_Xk Yfk_ jkilZ-
kli\j Zfeki`Ylk\ [`!\i\ekcp kfnXi[j k_\ dX^e\k`Z jljZ\g-
k`Y`c`kp, n_`Z_ d`^_k \ogcX`e, `e gXik Xk c\Xjk, k_\ _`^_cp
Xe`jfkifg`Z Y\_Xm`fli fYj\im\[ `e PiBi'L) Xk cfn k\d-
g\iXkli\.
Cfi PiEf'L), n_\e X "\c[ f] 100 L\ `j Xggc`\[ Xcfe^
k_\ [`!\i\ek gi`eZ`gXc ZipjkXc Xo\j, X Zljg `e k_\ jlj-
Z\gk`Y`c`kp Xk 0.62 H jl^^\jkj k_\ gi\j\eZ\ f] X g_Xj\
kiXej`k`fe *C`^. 3, Yfkkfd gXe\c+. Q_`j `j k_\ "ijk `e[`-
ZXk`fe f] X kiXej`k`fe kf X IOL jkXk\ i\gfik\[ ]fi k_`j
Zfdgfle[. ?\cfn k_\ kiXej`k`fe k\dg\iXkli\, k_\i\ `j
Xcjf X efk`ZXYc\ [`!\i\eZ\ Y\kn\\e k_\ [XkX fYkX`e\[
fe nXid`e^ X]k\i Zffc`e^ `e "\c[ *C@T+ Xe[ k_\ q\if-
"\c[-Zffc\[ nXid`e^ *VC@T+ [XkX. Q_\j\ [XkX Xi\ `e-
Zcl[\[ `e k_\ Yfkkfd gXe\c f] C`^. 3 Xj fg\e *C@T+ Xe[
Zcfj\[ *VC@T+ jpdYfcj. O\dXibXYcp, k_\i\ `j ef efk`Z\-
XYc\ [`!\i\eZ\ Y\kn\\e k_\ C@T Xe[ k_\ VC@T [XkX
`e PiBi'L) Xk Xep k\dg\iXkli\. Fe k_\ XYj\eZ\ f] Xep
[XkX fe k_\ dX^e\k`Z jkilZkli\ f] PiEf'L) Y\cfn ,$ `k
`j [`$Zlck kf jg\ZlcXk\ n_\k_\i k_\ fYj\im\[ [`!\i\eZ\j
Xi\ [l\ kf `eZfdgc\k\ fi[\i Xe[ ^cXjj`e\jj fi ZXlj\[ Yp
dX^e\k`Z [fdX`e nXcc dfk`fe.
P`d`cXi kf n_Xk _Xj Y\\e j\\e `e PiBi'L), X df[\iXk\
"\c[ f] 1 bL\ Xggc`\[ kf PiEf'L) jlggi\jj\j k_\ Zljg `e
k_\ $*, + Zlim\j *j\\ Yfkkfd gXe\c `e C`^. 3+. Q_\ _`^_\i-





































/65" (" %8a^agd a`^[`W& %Jab bS`W^& <[W^V(VWbW`VW`f _SY`Wf[eS(
f[a` UgdhWe Xad Id9k$E& aTfS[`WV Sf *)/ A [` fZW dS`YW aX "W^Ve * fa
.* ]EW) %7affa_ bS`W^& JZW "W^V VWd[hSf[hWe aX fZW _SY`Wf[eSf[a`)
_`jkfip.
Q_\ k\dg\iXkli\ [\g\e[\ek jljZ\gk`Y`c`kp Zlim\j ]fi
PiAp'L) *j\\ d`[[c\ gXe\c `e C`^. 3+ j_fn jfd\ YifX[
]\Xkli\j Xk cfn k\dg\iXkli\j `e[`ZXk`m\ f] POL Zfii\cX-
k`fej, Ylk k_\ XYj\eZ\ f] j_Xig ]\Xkli\j [fne kf 0.5 H
]fi Xep "\c[ [`i\Zk`fe jl^^\jkj k_Xk k_\i\ `j ef kiXej`k`fe
kf K%\\c fi[\i. Fe ]XZk, fli gi\c`d`eXip _\Xk ZXgXZ`kp Xe[
e\lkife jZXkk\i`e^ d\Xjli\d\ekj fe k_`j Zfdgfle['+"
_Xm\ i\m\Xc\[ k_\ cXZb f] IOL [fne kf 20 dH. PlZ_ X
gifefleZ\[ [`jgXi`kp Y\kn\\e k_\ fi[\i`e^ k\dg\iXkli\j
f] `jfjkilZkliXc iXi\-\Xik_ Zfdgfle[j `j iXi\ \m\e Xdfe^
k_\ _`^_cp-]iljkiXk\[ jpjk\dj.
%"$ '3/4. ./8/6./6-/ 70 =2/ 5+16/=3<+=376
Q_\ "\c[ [\g\e[\ek dX^e\k`jXk`fe **(+ Xe[ `kj
[\i`mXk`m\ 0*'0(, n`k_ ( Xggc`\[ Xcfe^ k_\ -, . Xe[
/ Xo\j f] k_\ Pi)2'L) dXk\i`Xcj Xi\ j_fne `e C`^li\j 4,
5 Xe[ 6. >ck_fl^_ k_\ _`^_\jk "\c[ d\Xjli\[ nXj 70 bL\,
n\ c`d`k k_\ "\c[ iXe^\ `e C`^li\j 4-6 kf 40 bL\, Xj XYfm\
k_`j "\c[ k_\ dX^e\k`jXk`fe Zlim\j cffb iXk_\i ]\Xkli\-
c\jj. Kf Zfdgc\k\ jXkliXk`fe f] dX^e\k`jXk`fe `j fYj\im\[
Xk Xep k\dg\iXkli\ `e Xep f] k_\ Zfdgfle[j jkl[`\[, Xj
k_\ 0*'0( mXcl\j i\dX`e efeq\if \m\e Xk 70 bL\. Q_`j
`dgc`\j k_Xk k_\ jg`ej Xi\ jk`cc efk ]lccp Xc`^e\[ Xk k_`j
"\c[ r X i\jlck n_`Z_ `j efk jligi`j`e^ ^`m\e k_\ ]XZk
k_Xk k_\ fYj\im\[ mXcl\j f] dX^e\k`jXk`fe i\dX`e dlZ_
cfn\i k_Xe \og\Zk\[ ]ifd Ele[)j ilc\j gi\[`Zk`fej ]fi
Bi(#, Ap(# Xe[ Ef(# `fej Xe[ Xcjf k_Xk ]fi fe\ f] k_\
Zfdgfle[j, PiBi'L), ef jXkliXk`fe _Xj Y\\e ]fle[ Xk
, = 1%6 H `e X "\c[ Xj _`^_ Xj 280 bL\.'("
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/65" )" %8a^agd a`^[`W& %Jab bS`W^e& <[W^V(VWbW`VW`f _SY`Wf[eSf[a` UgdhWe Xad Id>a$E& aTfS[`WV Sf *)/ A %^WXf& S`V ,)* A %d[YZf& [`
fZW dS`YW aX "W^Ve * fa .* ]EW) %7affa_ bS`W^e& JZW "W^V VWd[hSf[hWe aX fZW _SY`Wf[eSf[a` Sf *)/ A %^WXf& S`V ,)* A %d[YZf&)
Fe PiBi'L), Xk 0.5 H *j\\ C`^. 4+ Xe \Xjp-gcXe\
Xe`jfkifgp ZXe Y\ j\\e, n`k_ dlck`gc\ Zifjj`e^ gf`ekj `e
k_\ dX^e\k`jXk`fe d\Xjli\[ ]fi k_\ "\c[ Xggc`\[ Xcfe^
k_\ - Xe[ / Xo\j. Q_\ . Xo`j `j Zc\Xicp k_\ _Xi[ [`i\Z-
k`fe ]fi dX^e\k`jXk`fe Xe[ k_\ 0*'0( ]fi X "\c[ Xg-
gc`\[ Xcfe^ k_`j [`i\Zk`fe i\dX`ej jdXcc Xe[ e\Xicp #Xk
Xk Xcc "\c[j. Q_\ dX^e\k`jXk`fe gifZ\jj ]fi X "\c[ Xggc`\[
n`k_`e k_\ \Xjp -/ gcXe\ `j, _fn\m\i, dlZ_ dfi\ \m\ek]lc.
Cfi ( # -, Xe `e`k`Xc jk\\g i`j\ `e dX^e\k`jXk`fe n`k_
X dXo`dld `e 0*'0( Xk ((& ! 2 bL\ `j ]fccfn\[ Yp X
dlZ_ jcfn\i ^ifnk_ *n`k_ 0*'0( j_fn`e^ X d`e`dld
Xk ! 7 bL\+ Xe[ k_\e Yp Xefk_\i j_Xig i`j\ Zlcd`eXk-
`e^ Xk X dXo`dld f] 0*'0( Xk ((' ! 12%5 bL\. Q_\
Xm\iX^\ mXcl\ f] dX^e\k`jXk`fe fe k_\ gcXk\Xl Y\kn\\e
((& Xe[ ((' `j 1.5 #/, n_`Z_ \hlXk\j kf ifl^_cp X k_`i[
f] k_\ mXcl\ fYj\im\[ XYfm\ (('. Q_`j `j X Zc\Xi j`^e f]
X "\c[ `e[lZ\[ jkXY`c`jXk`fe f] X Zfcc`e\Xi 330 dX^e\k`Z
jkilZkli\, `e n_`Z_ knf jg`ej fe \XZ_ ki`Xe^c\ Xi\ gf`ek-
`e^ lg Xcfe^ k_\ "\c[ n`k_ k_\ k_`i[ jg`e gf`ek`e^ [fne
Xek`gXiXcc\c kf k_\ "\c[ [`i\Zk`fe.',$ '-" @fdgXi\[ kf k_\
, = 1%5 H [XkX j_fne gi\m`fljcp `e C`^. 6 f] i\].'(" k_\
fYj\im\[ dXo`dX `e k_\ 0*'0( Zlim\j Xk , = 0%5 H
Xi\ j_Xig\i Xe[ k_\ dX^e\k`jXk`fe jcfg\ Y\kn\\e k_\d
`j efk`Z\XYcp cfn\i `e mXcl\. Q_`j `dgc`\j k_Xk fe Zffc`e^
Y\cfn 0.5 H X ]lik_\i [\Zi\Xj\ `e k_\ 0*'0( mXcl\ ]fi
((& & ( & ((' `j \og\Zk\[. Fk nflc[ Y\ `ek\i\jk`e^ kf
Z_\Zb n_\k_\i k_\ d`e`dld `e 0*'0( n`cc \!\Zk`m\cp
i\XZ_ q\if Xk , " ,$ fi n_\k_\i `k n`cc i\dX`e "e`k\ [l\
kf k_\ gi\j\eZ\ f] knf `e[\g\e[\ek dX^e\k`Z jkilZkli\j
`e PiBi'L).
Cfi ( #/ k_\ dX^e\k`jXk`fe gifZ\jj `e PiBi'L) `j Z_Xi-
XZk\i`j\[ Yp X j`e^c\ kiXej`k`fe Xk (( ! 5%4 bL\ n`k_ X
m\ip j_Xig dXo`dld `e k_\ [\i`mXk`m\ 0*'0(. Q_\ eX-
kli\ f] k_`j "\c[-`e[lZ\[ kiXej`k`fe i\dX`ej lebefne Xk
gi\j\ek.
Fe PiAp'L), k_\ "\c[-[\g\e[\ek dX^e\k`jXk`fe Zlim\j
Xk 0.5 H *j\\ C`^. 5+ Xcjf j_fn dlck`gc\ Zifjj`e^ gf`ekj
Xe[ cXZb f] ]lcc jXkliXk`fe `e _`^_ "\c[j. @fdgXi\[ kf
PiBi'L), X dlZ_ dfi\ gifefleZ\[ Xe[ \ok\e[\[ gcXk\Xl
`e dX^e\k`jXk`fe `j j\\e Y\kn\\e ((& ! 1%6 bL\ Xe[
((' ! 20%3 bL\ ]fi X "\c[ Xggc`\[ Xcfe^ k_\ . Xo`j. Q_\
Xm\iX^\ dX^e\k`jXk`fe mXcl\ fe k_\ gcXk\Xl f] 2.1 #/ `j
X^X`e Xggifo`dXk\cp X k_`i[ f] k_\ mXcl\ fYj\im\[ aljk
XYfm\ ((', aljk`]p`e^ X ZcX`d ]fi k_\ jkXY`c`jXk`fe f] X
330 jkXk\. Q_\ [\i`mXk`m\ f] dX^e\k`jXk`fe ]fi X "\c[ Xg-
gc`\[ Xcfe^ k_\ _Xi[ - Xo`j i\dX`ej Xcdfjk #Xk Xk Xcc
"\c[j. Cfi ( #/ k_\ dX^e\k`jXk`fe gifZ\jj `e PiAp'L) `j
[fd`eXk\[ Yp X kiXej`k`fe Xk (( ! 12 bL\ n`k_ X dXo-
`dld `e k_\ [\i`mXk`m\ 0*'0( k_Xk `j efk Xj j_Xig Xj
`e PiBi'L). >efk_\i j`^e`"ZXekcp c\jj gifefleZ\[ kiXe-
j`k`fe Xifle[ 5 bL\ ZXeefk Y\ ilc\[ flk, Xck_fl^_ k_\
jdXcc ]\Xkli\ j\\e `e k_\ 0*'0( Xk k_`j "\c[ `j Zcfj\ kf
k_\ \og\i`d\ekXc i\jfclk`fe.
Le nXid`e^ k_\ jXdgc\ XYfm\ 0.5 H *k_\ [XkX Xi\
efk j_fne+, k_\ dX^e\k`jXk`fe gcXk\Xl ]fi ( #. Xe[ k_\
dXo`dld `e k_\ 0*'0( ]fi ( #/ ^iX[lXccp Y\Zfd\ c\jj
gifefleZ\[, n_`c\ ]fi k_\ _Xi[ [`i\Zk`fe, ( # -, X jdXcc
`eZi\Xj\ `e **(+ `j ]fle[.
Cfi PiEf'L) *j\\ C`^. 6+ j`e^c\ ZipjkXc dX^e\k`jXk`fe
d\Xjli\d\ekj *kfg gXe\c+ Xe[ 0*'0( *Yfkkfd gXe\c+
j_fne ]fi "\c[j Xggc`\[ Xcfe^ k_\ -, ., Xe[ / [`i\Zk`fej Xk
0.5 H Xe[ 2 H Xcjf i\m\Xc k_\ _`^_cp Xe`jfkifg`Z eXkli\
f] k_`j iXi\-\Xik_ fo`[\. Cfi ( # - *Zc\Xicp X _Xi[ dX^-
e\k`jXk`fe [`i\Zk`fe+, **(+ i\dX`ej iXk_\i jdXcc `e Xep
"\c[. Cfi ( # ., X [flYc\ g_Xj\ kiXej`k`fe `j j\\e n`k_
((& !5%9 bL\ Xe[ ((' !12 bL\ Zfe"e`e^ X eXiifn Xe[
/
@) FZke) IaU) @b`) /400 1-1.23
efk n\cc [\"e\[ gcXk\Xl n`k_ k_\ Xm\iX^\ mXcl\ f] dX^-
e\k`jXk`fe f] 2.5 #/. Cfi ( #/ X j`e^c\ g_Xj\ kiXej`k`fe `j
j\\e Xk (( ! 4 bL\ Z_XiXZk\i`j\[ Yp X j_Xig dXo`dld
`e 0*'0(.
Le nXid`e^ k_\ jXdgc\ kf , = 2%0 H *j\\ i`^_k-_Xe[
gXe\cj `e C`^. 6+, k_\ gcXk\Xl `e k_\ dX^e\k`jXk`fe [`jXg-
g\Xij, k_\ dXo`dld `e 0*'0( ]fi ( # / YifX[\ej Xe[
j_`]kj kf 5 bL\, n_`c\ k_\ **(+ Zlim\ ]fi ( #- i\dX`ej
giXZk`ZXccp k_\ jXd\.
Q_\i\ Xi\ j\m\iXc b\p gf`ekj Zlii\ekcp `dg\[`e^ ]li-
k_\i ZfdgXiXk`m\ XeXcpj`j f] k_\ dX^e\k`jXk`fe gifZ\jj
`e k_\ Pi)2'L) Zfdgfle[j. C`ijkcp, k_\ cfn-k\dg\iXkli\
dX^e\k`Z jkilZkli\j f] PiEf'L) Xe[ PiAp'L) Xi\ Xj p\k
lebefne. @lii\ek nfib fe gfn[\i e\lkife [`!iXZk`fe'*"
`e[`ZXk\j k_Xk k_\ IOL Xe[ POL Zfdgfe\ekj dXp Zf-
\o`jk `e PiEf'L), X jZ\eXi`f j`d`cXi kf k_Xk ]fle[ `e
PiBi'L).
')" Cfi PiAp'L) k_\ j`klXk`fe Zflc[ Y\ iX[`-
ZXccp [`!\i\ek j`eZ\ ef cfe^-iXe^\ fi[\i _Xj Y\\e [\-
k\Zk\[ [fne kf 20 dH.'+" P\Zfe[cp, i\c`XYc\ [XkX fe
k_\ jki\e^k_ Xe[ k_\ j`^e f] k_\ dX^e\k`Z `ek\iXZk`fej
`e Pi)2'L) Xi\ i\hl`i\[, Xj `k `j efk Zc\Xi n_\k_\i k_\
Zfii\Zk [\jZi`gk`fe f] jlZ_ jpjk\dj j_flc[ Y\ YXj\[ fe
X $& 276/@-75,, X 9>+<3!#& -2+36, fi X A31!A+1 4+../;
df[\c. IXjkcp, X Zfdgc\k\ [\jZi`gk`fe f] k_\ @C c\m\cj
nflc[ [\"e`k\cp Y\ _\cg]lc `e le[\ijkXe[`e^ k_\ fi`^`ej
f] k_\ _`^_cp Xe`jfkifg`Z Y\_Xm`fli ]fle[ `e k_\j\ Zfd-
gfle[j Xj n\cc Xj `e `[\ek`]p`e^ k_\ iffkj f] k_\ [iXdXk`Z
[`!\i\eZ\j \o_`Y`k\[ `e k_\ dX^e\k`jXk`fe gifZ\jj.
%! '65-3<91659
Qf ZfeZcl[\, n\ gi\j\ek X Zfdgi\_\ej`m\ jkl[p f] k\d-
g\iXkli\ [\g\e[\eZ\ f] k_\ dX^e\k`Z jljZ\gk`Y`c`kp Xe[
"\c[ [\g\e[\eZ\ f] k_\ dX^e\k`jXk`fe g\i]fid\[ fe j`e-
^c\ ZipjkXc jXdgc\j f] ^\fd\ki`ZXccp ]iljkiXk\[ dX^e\k`Z
dXk\i`Xcj PiBi'L), PiAp'L) Xe[ PiEf'L). Q_\ d\X-
jli\d\ekj i\m\Xc k_\ fZZlii\eZ\ f] X dX^e\k`Z fi[\i-
`e^ kiXej`k`fe `e PiEf'L) Xk 0.62 H Xe[ Zfe"id k_Xk
PiBi'L) fi[\ij dX^e\k`ZXccp Xk XYflk 0.73 H, n_`c\ `e
PiAp'L) jlZ_ X kiXej`k`fe `j XYj\ek [fne kf Xk c\Xjk
0.5 H. JX^e\k`jXk`fe gcXk\Xlo Zfii\jgfe[`e^ kf k_\ "\c[-
`e[lZ\[ jkXY`c`jXk`fe f] k_\ Zfcc`e\Xi =?7!>8 76/!.7?6
jkilZkli\j Xi\ ]fle[ `e Xcc k_i\\ Zfdgfle[j. >gXik ]ifd
k_\ gcXk\Xlo, fk_\i "\c[-`e[lZ\[ kiXej`k`fej Xi\ Xcjf
]fle[ Xk jl$Z`\ekcp cfn k\dg\iXkli\j. T\ _fg\ k_Xk
k_`j [\kX`c\[ `e]fidXk`fe fe k_\ dX^e\k`jXk`fe gifZ\jj
n`cc Zfeki`Ylk\ kfnXi[j k_\ [\m\cfgd\ek f] k_\fi\k`-
ZXc df[\cj ZXgXYc\ f] [\jZi`Y`e^ k_\ m\ip Zfdgc\o cfn-
k\dg\iXkli\ gifg\ik`\j f] k_\ Pi)2'L) ]Xd`cp Xe[ j\m-
\iXc j`d`cXi _fe\pZfdY Xe[ ki`Xe^c\j-YXj\[ dXk\i`Xcj.
&-256=3/.04/5;9
Q_\ dX^e\kfd\k\i lj\[ `e k_`j i\j\XiZ_ nXj fYkX`e\[
k_ifl^_ k_\ PZ`\eZ\ @`kp >[mXeZ\[ JXk\i`Xcj gifa\Zk;
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